(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
10.01.2001 Bulletin 2001/02 

(21) Application number: 92923086.0 

(22) Date of filing: 04.11.1992 



(id EP 0 642 667 B1 

EUROPEAN PATENT SPECIFICATION 

(51) lntCl7: G01N 33/68 



(86) International application number: 
PCT/US92/09254 

(87) International publication number: 

WO 93/09438 (13.05.1993 Gazette 1993/12) 



(54) SCREENING METHOD FOR IDENTIFYING WOMEN AT INCREASED RISK FOR PRETERM 
DELIVERY 

SCREENINGVERFAHREN ZUR IDENTIFIZIERUNG VON FRAUEN MIT ERHOHTEM 
FRUHGEBURTSRISIKO 

PROCEDE DE DEPISTAGE POUR L' IDENTIFICATION DE FEMMES PRESENTANT UN RISQUE 
ACCRU D'ACCOUCHEMENT AVANT TERME 



m 

CO 
CO 

CM 
CO 

o 

Q. 
LU 



(64) Designated Contracting States: 
DE ES FR GB IT 

(30) Priority: 04.11.1991 US 787271 

06.11.1991 US 788673 

29.05.1992 US 891267 

(43) Date of publication of application: 
15.03.1995 Bulletin 1995/11 

(73) Proprietor ADEZA BIOMEDICAL CORPORATION 
Sunnyvale, California 94089 (US) 

(72) Inventors: 

• SENYEI, Andrew, E. 

San Juan Caplstrano, CA 92675 (US) 

• CASAL, David, C. 
Mountain View, CA 94041 (US) 

(74) Representative: Baldock, Sharon Claire 
BOULT WADE TENNANT, 

Verulam Gardens 
70 Gray's Inn Road 
London WC1X 8BT (GB) 



(56) References cited: 
EP-A- 0 316 919 



US-A- 5 096 830 



NEW ENGLAND JOURNAL OF MEDICINE, vol. 
326, 6 September 1991 BOSTON MA USA, pages 
669-674, C.J. LOCKWOOD ET AL. 'Fetal 
flbronectin in cervical and vaginal secretions as 
a predictor of preterm delivery/ 



CHEMICAL ABSTRACTS, Volume 104, issued 
1986, MOHAMED et ai., "Enzyme Activities in 
Amniotic Fluid and Maternal Blood in Sheep, 
Before and After Induced Fetal Death and 
Abortion", page 383, col. 1, see Abstract No. 
4137p Br. Vet. J. 1985, 141(5), 498-506 (Eng). 
CHEMICAL ABSTRACTS, Volume 102, issued 
1985, MOHAMED et al., "Enzyme Activities in 
Amniotic Fluid and Maternal Blood in Cattle 
Before and After Induced Fetal Death and 
Abortion", see page 443, column 2, Abstract No. 
202100t Br. Vet. J. 1985, 141(1), 49-59 (Eng). 
CHEMICAL ABSTRACTS, Volume 96, Issued 
1982, SEIFERT et al., "Radioimmunoassay for 
the Detection of Primary Prostaglandins in the 
Decldus", see page 197, col. 2, Abstract No. 
136771s Acta Univ Palacki Oiomuc, Fac. Med. 
1981, 101, 32-7 (Ger). 

GRUDZINAKAS et al., Reprod. Perinat. Med. 
1985, "Placental and Fetal Protein and Hormone 
Measurements in Early Pregnancy Failure", 
pages 153-156, see all. 

Am. J. Obstet. Gynecol., Vol. 154, No. 1, issues 
January 1986, McGREGOR et al., "Protease 
Production by Microorganisms Associated with 
Reproductive Tract Infection", pages 109-114, 
see all. 

Asls-Oceania J. Obstet. Gynecol., Vol. 14, No. 3, 
issues September 1988, KAN A YAM et at., "The 
Role of Human Neutrophil Elastase In the 
Premature Rupture of Membranes", pages 
389-397, see all. 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Joiive, 75001 PARIS (FR) 



(Cont. next page) 




EP0 642 



• Proc, Natl, Acad. Scl, USA 82, 6517-6521. 

October 1985. H. Matsuureet al.: "The oncofetal 
domain of f ibronectln defined by monoclonal 
antibody FDC-6: Its presence in fibronectins 
from fetal and tumor tissues and its absence In 
those from normal adult tissues and plasma" 




B1 



• J. Biol. Chem. 256, 11292-11300. M. Hayashi et 
al.:" Differences InDomaln Structures between 
Plasma and Cellular Fibronectins" 

• J. Biol. Chem. 269, 5101-51 14. 1985. K. Seklguchi 
et al.: "Differences In Domain Structure between 
Human Fibronectins Isolated from Plasma and 
from Culture Supernatants of Normal and 
Transformed Fibroblasts" 



2 



EP 0 642 667 B1 

Description 

Field of the Invention 

5 [0001] This invention relates to methods for detection of impending preterm delivery. In particular, this invention is 
directed to the determination of impending delivery by detecting an increased level of a local inflammatory product 
protein or a matrix protein in a cervicovaginal secretion sample. 

Description of the Prior Art 

w 

[0002] Determination of impending preterm births is critical for increasing neonatal survival of preterm infants. In 
particular, preterm neonates account for more than hall, and maybe as much as three-quarters of the morbidity and 
mortality of newborns without congenital anomalies. Although tocolytic agents which can delay delivery were introduced 
20 to 30 years ago, there has been only a minor decrease in the incidence of preterm delivery. It has been postulated 

is that the failure to observe a larger reduction in the incidence ol preterm births is due to errors in the diagnosis of preterm 
labor and to the patients' conditions being too advanced for tocolytic agents to successfully delay the birth. 
[0003] Traditional methods of diagnosis of preterm labor have high false-negative and false-positive error rates [Fried- 
man et al, Am. J. Obstet Gynecol. 104:544 (1969)]. In addition, traditional methods for determining impending preterm 
delivery, particularly in patients with clinically intact membranes, may require subjective interpretation, may require 

20 sophisticated training or equipment [Garl et al, Obstet. Gynecol. 60:297 (1 982)] or may be invasive [Atlay et al, Am. J. 
Obstet. Gynecol. 108:933 (1970)]. An early, objective biochemical marker which indicated increased risk for preterm 
delivery was sought. 

[0004] Recently, Lockwood et al [New Engl. J. Med., 325:669-674 (1991)] reported that fetal fibronectin in cervical 
and vaginal secretions indicates pregnancies which are at risk of imminent delivery. The authors postulate that damage 
2S to the fetal membranes may release fetal fibronectin into the cervix and vagina, giving rise to the biochemical marker. 
[0005] Other markers which may be released in women with true threatened pregnancies can be used to screen 
those women who should be closely monitored and to provide additional information about the stage of the disease. 

SUMMARY OF THE INVENTION 

30 

[0006] The present invention provides an early, biochemical indication of increased risk of impending preterm deliv- 
ery. The method comprises obtaining a cervicovaginal secretion sample from a pregnant patient after about week 12 
of gestation and determining the level of a local inflammatory product protein or a matrix protein in the sample. The 
presence of an elevated level of the selected protein in the sample indicates an increased risk of imminent delivery. 
35 The test is both a sensitive and specific screen for pregnancies at risk and can detect impending delivery as early as 
two to three-weeks prior to delivery. 

[0007] More particularly, in accordance with the invention there is provided a method for determining inpending de- 
livery comprising determining the level of a protein selected from interleuking 6(IL-6) or total fibronectin in a secretion 
sample obtained from the vaginal cavity or the cervical canal of a pregnant patient after week 12 of pregnancy. The 

40 presence of an elevated level of said protein in the sample indicating an increased risk of impending delivery. 

[0008] The test is preferably administered to women at about 12 weeks gestation and repealed at each perinatal 
visit (every two to four weeks) until at least week 37, preferably until delivery if the test is negative. For those patients 
whose assay result indicates an increased risk of preterm delivery, a test of the patient's fetal fibronectin level can be 
made to confirm the increased risk and to estimate how soon the delivery may be. In addition, those patients can be 

45 carefully monitored, as for other patients at risk. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] The present invention is a screening assay which provides an early, biochemical indication of increased risk 
50 of preterm delivery. The method can provide an indication of impending preterm delivery as early as two to three weeks 
prior to delivery. This method allows early intervention in the course of preterm delivery and provides an additional 
factor which can indicate those pregnancies at greatest risk. 

[0010] The method comprises obtaining a cervicovaginal secretion sample from the vaginal cavity or the external 
cervical canal from a pregnant patient after about week 12 of pregnancy and prior to about week 36 or 37 and deter- 
ss mining the level of a local inflammatory product protein or a matrix protein (i.e. total fibronectin or IL-6) in the sample. 
The presence of an elevated level of the protein in the sample indicates a patient who is at risk for preterm delivery. 
[0011] The present method can determine impending delivery from early in gestation through week 36 or 37 deliv- 
eries. Deliveries prior to 20 weeks gestation are called spontaneous abortions rather than preterm deliveries. The 
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present method can be used to detect spontaneous abortions (1 2 to 20 weeks gestation) and preterm deliveries (20 
to 37 weeks gestation). 

Patients to be Tested 

5 

[0012] The present method can be used on any pregnant woman following about 12 weeks gestation and prior to 
term pregnancies (week 36 or 37). In addition to screening any pregnant woman to determine whether delivery is 
imminent, the patients who should be screened are those patients with clinically intact membranes in a high risk cat- 
egory for preterm delivery, and preferably, all those 'women whose pregnancies are not sufficiently advanced to ensure 
io delivery of a healthy fetus. Ninety percent o1 the fetal morbidity and 100 percent of the fetal mortality associated with 
preterm delivery is for those fetuses delivered prior to 32 to 34 weeks gestation. Therefore, 32 to 34 weeks gestation 
is an important cutoff for the health of the fetus, and women whose pregnancies are at least about 12 weeks and prior 
to 34 weeks in gestation should be tested. 

[0013] In addition there are a large number of factors known to be associated with the risk of preterm delivery. Those 
is factors include multiple fetus gestations; incomplete cervix: uterine anomalies; polyhydramnios; nulliparity; previous 
preterm rupture of membranes or preterm labor; preeclampsia; first trimester vaginal bleeding; little or no antenatal 
care; and symptoms such as abdominal pain, low backache, passage of cervical mucus and contractions. Any pregnant 
woman at 12 or more weeks gestation with clinically intact membranes and having one or more risk factors for preterm 
delivery should be tested throughout the risk period; i.e. until about week 34 to 37. 

20 

Sample 

[0014] The sample is obtained in the vicinity of posterior fornix, the ectocervix or external cervical os. The sample 
generally comprises fluid and particulate solids, and may contain vaginal or cervical mucus and other vaginal or cervical 
25 secretions. The sample is preferably removed with a 6wab having a dacron or other fibrous tip. Alternatively, the sample 
can be obtained with a suction or lavage device. Calculations to account for any additional dilution of the samples 
collected using liquids can be performed as part of the interpretation of the assay procedure. 

[001 5] Following collection, the sample is transferred to a suitable container for storage and transport to a testing 

laboratory. It is important that the sample be dispersed in a liquid which preserves proleinaceous analytes. The storage 
30 and transfer medium should minimize, preferably prevent, decline in the analyte level during storage and transport. A 

suitable solution for storage and transfer consists of 0.05 M Tris-HCI, pH 7.4; 0.15 M NaCI, 0.02% NaN 3 , 1% BSA, 500 

Kallikrein Units/ml of aprotinin, 1 mM phenylmethylsulfonyl fluoride (PMSF) and 5 mM EDTA, and is described in U.S. 

Patent No. 4,919,889, issued April 24, 1 990. The solution is also suitable as a sample diluent solution. 

[0016] Alternatively, home and office use devices for immediate processing of the sample can be used. If used the 
35 sample is placed directly in the device and testing is performed within minutes of sample collection. In such cases, the 

need to stabilize the analyte is minimized and any solution which facilitates performing the assay and is not detrimental 

to analyte stability can be used. 

Analyte 

40 

Local Inflammatory Product Proteins 

[0017] Local inflammatory product proteins are synthesized and secreted during acute inflammation and have a 
protective effect that helps to maintain homeostasis in the extracellular space. The local inflammatory proteins are well 

45 known and include proteins produced by the complement-activated cellular and humoral immune response. 

[0018] Local inflammatory product proteins include five major categories of proteins which are released as part of 
the local inflammatory response. Cytokines are the first category of local inflammatory product proteins. Cytokines 
include interleukins (particularly IL-1 , IL-6 and IL-8), transforming growth factor (particularly TGFp), and tumor necrosis 
factor (TNFct and TNFp). IL-6 is particularly specified for detection in the method of the invention. Prostenoids are the 

so second category of local inflammatory product proteins. Prostenoids include prostaglandins and the leukotrienes. How- 
ever, prostaglandins are preferably tested following week 20 of gestation. The third category of local inflammatory 
product proteins includes acute phase reactant proteins. Acute phase reactant proteins include fibronectin, ceruloplas- 
min, C-reactive protein, a,-anti-trypsin, c^-anti-chymotrypsin, a2-macroglobulin, interferons, fibrin, serum amyloid A 
protein, complement (especially c3 and c4) : and ou, -acid glycoprotein. Fibronectin is particularly specified for detection 

ss jn the method of the invention. The fourth category includes the local response immunogobulins IgA and IgM. The sixth 
category includes soluble factors from macrophages and monocytes, lactoferrin and lysozymes. Of importance are 
those local inflammatory product proteins known to be produced in the reproductive tract and in connective tissue. 
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Extracellular Matrix Proteins 

[0019] A substantial portion of the volume of a tissue is extracellular space which is largely filled with an intricate 
network of macromolecules that comprise the extracellular matrix. The extracellular matrix is comprised of proteins 

s and polysaccharides that are secreted locally and determine the physical properties of the tissue. 

[0020] As used herein, the term 'extracellular matrix protein - means an adult isoform of the selected extracellular 
matrix protein and does not include fetal isolorms of the protein which are present during pregnancy such as fetal 
fibronectin. Extracellular matrix proteins include those of the amniotic epithelium, chorion, decidual epithelium and 
basal lamina. The protein may be one that is liberated from the maternal/decidual interface and/or the uterine cervix 

io as a result of inflammatory or proteolytic process or, alternatively is present as the result of excessive production or 
secretion stimulated by abnormal autocrine events at the maternal/decidual interface and/or the uterine cervix. In ad- 
dition to detection of the extracellular matrix protein, detection of fragments of the proteins produced by proteolytic 
cleavage including chemical and enzymatic cleavage of the protein, is also contemplated. These fragments of the 
protein are the breakdown products of the protein and can include carbohydrate moieties released when the protein 

75 js degraded. 

[0021] There are two functional types of extracellular matrix proteins, structural proteins and adhesive proteins. In 
addition, the extracellular matrix proteins include secretory proteins which are secreted in large amounts by the neigh- 
boring cells at the site. The structural extracellular matrix proteins include collagen and elastin. The adhesive extra- 
cellular matrix proteins include fibronectin, tenascin, vitronectin, and laminin. As aforesaid, fibronectin is particularly 
20 specified for detection in the method of the invention. The secretory proteins include insulin-like growth factor binding 
protein (IGFBP) (particularly IGFBP-1), elastin receptor protein, tropoelastin, tropocollagen, decorin (dermotan sulfate), 
mucin and CA125. Degradation products of the proteins include desmosine (a breakdown product of elastin), sialic 
acid (a carbohydrate moiety released by the breakdown of many of these proteins) and peptide fragments. 

2S Assay Procedure 

[0022] The total fibronectin or IL-6 is assayed by any procedure which can determine the presence of a threshold 
quantity of the selected protein in the sample. Immunoassays are preferred. The antibody affinity required for detection 
of the protein (the analyte for the assay) using a particular immunoassay method will not differ from that required to 

30 detect other polypeptide analytes. 

Furthermore, in many cases, proteolytic cleavage of the selected protein does not effect the assay. That is, many 
epitopes of these proteins remain intact following proteolysis. In such cases, an antibody for the epitope does not 
distinguish between intact forms of the protein and protein fragments. However, in cases where proteolysis does elim- 
inate the epitope recognized by a selected antibody, an antibody that binds to an epitope that remains intact can be 

35 selected. 

[0023] In some cases, proteolysis can create an epitope that is not present on the intact protein and is only present 
on the resultant fragment. In such cases, the use of antibodies specific for such epitopes to detect the resulting frag- 
ments is also contemplated herein. 

[0024] Furthermore, determination that a fragment of the selected extracellular matrix protein is present is also con- 
40 templated. In cases where the proteolysis produces an epitope not present on the intact protein, the presence a thresh- 
old amount of the fragment can be detected using an antibody to the epitope. In addition , where one or more epitopes 
are intact, the use of a Western blot assay that determines the size of the proteins to which the selected antibody binds 
can be used to detect the presence of a fragment of the protein. 

[0025] Anti-analyte antibodies can be produced by a number of methods. Polyclonal antibodies can be induced by 
45 administering an immunogenic composition comprising the selected local inflammatory product protein to a host animal. 
Preparation of immunogenic compositions of a protein may vary depending on the host animal and the protein and is 
well known. For example, the analyte protein or an antigenic portion thereof can be conjugated to an immunogenic 
substance such as KLH or BSA or provided in an adjuvant or the like. The induced antibodies can be tested to determine 
whether the composition is for the analyte protein. If a polyclonal antibody composition does not provide the desired 
so specificity, the antibodies can be purified to enhance specificity by a variety of conventional methods. For example, 
the composition can be purified to reduce binding to other substances by contacting the composition with the analyte 
protein affixed to a solid substrate. Those antibodies which bind to the substrate are retained. Purification techniques 
using antigens affixed to a variety of solid substrates such as affinity chromatography materials including Sephadex, 
Sepharose and the like are well known. 
ss [0026] Monoclonal analyte-specific antibodies can also be prepared by conventional methods. A mouse can be in- 
jected with an immunogenic composition comprising the analyte protein, and spleen cells obtained. Those spleen cells 
can be fused with a fusion partner to prepare hybridomas. Antibodies secreted by the hybridomas can be screened to 
select a hybridoma wherein the antibodies react with the analyte and exhibit substantially no reaction with the other 
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proteins which may be present in a sample. 

Hybridomas that produce antibodies of the desired specificity are cultured by standard techniques. 
Hybridoma preparation techniques and culture methods are well known and constitute no part of the present invention. 
[0027] An exemplary preparation of polyclonal anti-fibronectin antibodies is described in the examples. Antibody 
5 preparation and purification methods are described in a number of publications including Tijssen, P. Laboratory Tech- 
niques in Biochemistry and Molecular Biology: Practice and Theories of Enzyme Immunoassays New York: Elsevier 
(1985), for example. 

[0028] A number of different types of immunoassays are well known using a variety of protocols and labels. The 
assay conditions and reagents may be any of a variety found in the prior art. The assay may be heterogeneous or 

io homogeneous, conveniently a sandwich assay. 

[0029] The assay usually employs solid phase-affixed anti-analyte antibodies. The antibodies may be polyclonal or 
monoclonal. The solid phase-affixed antibodies are combined with the sample. Binding between the antibodies and 
sample can be determined in a number of ways. Complex formation can be determined by use of soluble antibodies 
specific for the analyte protein. The antibodies can be labeled directly or can be detected using labeled second anti- 

75 bodies specific for the species of the soluble antibodies, various labels include radionuclides, enzymes, fluoresces, 
colloidal metals or the like. 

Conveniently, the assay will be a quantitative enzyme-linked immunosorbent assay (ELISA) in which antibodies specific 
for the analyte protein are used as the solid phase-affixed and enzyme-labeled, soluble antibodies. 
Alternatively, the assay can be based on competitive inhibition, where analyte in the sample competes with a known 
20 amount of analyte or analyte analog for a predetermined amount of anti-analyte antibody. For example, in an assay 
for fibronectin, any fibronectin present in the sample can compete with a known amount of the labeled fibronectin or 
a fibronectin analogue for antibody binding sites. The amount of labeled fibronectin affixed to the solid phase or re- 
maining in solution can be determined. 

[0030] In another preferred embodiment, the assay is a homogeneous immunoassay in which antibodies specific 
25 for the analyte are used as the solid phase-affixed and colloidal metal-labeled, soluble antibodies. Appropriate dilution 
of the conjugate can be performed to detect the selected threshold level of the analyte as a positive sample. 

Threshold Value 

30 [0031] The amount of a local inflammatory product protein or a matrix protein in the sample is significantly elevated 
over the level for pregnant women at the same stage of gestation with normal pregnancies. Preferably, the selected 
threshold value is two standard deviations above normal. 

[0032] It is difficult to quantify proteins in vaginal swab samples for two reasons. The first is that the amount of fluid 
collected by the swab varies. The second is the total volume of secretions present in the cervicovaginal region varies. 
35 Therefore, any measurement of protein concentration in a particular sample is only a semiquantitative indication of the 
total amount of the protein in the cervicovaginal region. Therefore, it is desirable that patients with samples near the 
threshold value be retested in a follow up visit. 

[0033] The threshold value that correlates with risk of preterm delivery varies for the local inflammatory product 
protein or matrix protein selected for analysis. In addition, the value can vary with the stage of gestation of the patient. 
40 To determine the threshold value for the protein, a prospective-retrospective study is performed to determine the thresh- 
old value for fibronectin and/or IL-6. 

[0034] These studies are well known and can be performed in a number of ways. An exemplary preferred method 
is described below. 

[0035] In a preferred study, at least ten samples each from about 2,000 pregnant women are obtained. The sample 
45 collections are approximately evenly spaced beginning at about week 8 throughout gestation. The samples are col- 
lected at least every three to four weeks. Preferably the samples are collected every two weeks. 
[0036] About 5 to 10% of pregnant women deliver preterm with preterm labor and without preterm rupture of mem- 
branes. Therefore, of the 2,000 women in the study, about 50 women who deliver early will have preterm labor without 
preterm rupture of membranes. 
50 [0037] When those women are identified, matched controls are selected. Those controls are matched for well known 
risk factors such as age, parity, obstetrical history, and socio-economic factors. Then samples from the controls are 
matched for sample time and stage of gestation. The level of the local inflammatory product protein(s) and matrix 
protein(s) is then determined for the samples. 

[0038] Receiver-operator statistics to determine sensitivity and specificity are then performed. The statistics can be 
65 used to select for screening so that few women at risk will be falsely negative in the test but a comfortable level of false 
positives are also achieved. The threshold is preferably adjusted to detect substantially all women at risk since other 
criteria can be considered to further assess the risk prior to institution of any treatment. 

[0039] A study demonstrating that a threshold value of total fibronectin in the range of 600 to 750 ng/ml of sample 
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for women from about 20 weeks gestation to delivery is an indication of risk is described in detail in the examples. 
Interpretation of Assay Result 

5 [0040] Elevated levels of total fibronectin or IL-6 indicate increased risk of preterm delivery. As explained in detail in 
the examples, an assay based on total fibronectin is sensitive and specific. In addition, the assay has a high negative 
predictive value. That means that a large percentage of patients who delivered early had an elevated fibronectin value. 
Since the lest successfully detects a large percentage of patients who deliver early, the test is an effective screening 
procedure for women at risk of a preterm delivery who do not have any other risk indicators. 

io [0041] The test can be administered to any pregnant woman following about 1 2 weeks gestation until delivery, or at 
least until the risk of premature delivery (i.e. until about week 37) ceases. Preferably, it is administered to all women 
with any known risk factor following 12 weeks gestation until delivery. 

[0042] If the local total fibronectin or IL-6 protein test is positive (above the threshold value), the patient is preferably 
tested for the presence of fetal fibronectin in her cervicovaginal secretions. If fetal fibronectin is present in the secretions, 
is the patient is likely to deliver in two to three days. Measures to determine or enhance fetal lung maturity can be un- 
dertaken. If the fetal fibronectin assay is negative, the patient should be carefully monitored and repeated evaluations 
of the patient's fetal fibronectin levels should be performed on subsequent visits. In general, patients at risk for preterm 
delivery are examined every two weeks from about 22 to 36 weeks, rather than every four weeks as for patients in a 
• low risk category. 

20 [0043] If the local total fibronectin or I L-6 protein test is negative, the test is preferably repeated on each subsequent 
antenatal visit until either the test is positive or the patient reaches term. 
[0044] This invention is further illustrated by the following specific but non-limiting examples. 
Temperatures are given in degrees Centigrade and concentrations as weight percent unless otherwise specified. Pro- 
cedures which are constructively reduced to practice are described in the present tense, and procedures which have 

25 been carried out in the laboratory are set forth in the past tense. 

EXAMPLE 1 

Quantitation of Total Fibronectin in a Vaginal Swab Sample 

30 

[0046] An immunoassay to determine total fibronectin in a vaginal sample used the reagents and procedures de- 
scribed below. 

Preparation of Polyclonal Anti-Human Fibronectin Antibody 

35 

[0046] Human plasma fibronectin was purified from human plasma as described by Engvall and Ruoslahti, Int. J. 
Cancer 20:1 -5 (1977). The anti-human plasma fibronectin antibodies were elicited in goats using the immunization 
techniques and schedules described in the literature, e.g., Stollar, Meth. Enzym. 70:70 (1980), immunizing the goats 
with the human plasma fibronectin antigen. The antiserum was screened in a solid phase assay similar to that used 
40 for monoclonal antibodies, e.g., as described by Lange et al, Clin. Exp. Immunol. 25:191 (1976) and Pisetsky et at, J. 
Immun. Meth. 41:187 (1981). 

[0047] The IgG fraction of the antiserum was purified further by affinity chromatography using CNBr-Sepharose 4B 
(Pharmacia Fine Chemicals) to which has been coupled human plasma fibronectin according to the method recom- 
mended by the manufacturer (AFFINITY CHROMATOGRAPHY, Pharmacia Fine Chemicals Catalogue 1990), pp 
45 15-18. 

[0046] Briefly, the column was equilibrated with from 2 to 3 volumes of buffer (0.01 M PBS, pH 7.2), and the anti- 
human fibronectin antibody-containing solution was then applied to the column. The absorbency of the effluent was 
monitored at 280 nm until protein no longer passed from the column. The column was then washed with equilibration 
buffer until a baseline absorbance at 280 nm was obtained. 
so [0049] The immunoaffinity bound anti-human plasma fibronectin antibody was eluted with 0.1 M glycine buffer, pH 
2.5. Peak protein fractions were collected, pooled and dialyzed against 0.01 M PBS, pH 7.2, for 24-36 hr at 4°C with 
multiple buffer changes. 

[0060] The above procedure was repeated to immunize rabbits with human plasma fibronectin and to purify the 
resultant polyclonal anti-human fibronectin antibodies. 

ss 

Preparation of Anti-Fibronectin Antibody-Coated Microtiter Plate 

[0051] Goat anti-human plasma fibronectin prepared as described above was diluted to 1 0 u.g/ml in 0.05 M carbonate 
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buffer, pH 9.6. 100 u.l was dispersed into each well of a polystyrene microtiter plate such as supplied by Costar, Nunc, 
or Dynatech. The plate was covered and incubated 2 to 4 hr at room temperature or 4*C overnight. The plate was 
washed 3 to 4 times with Wash Buffer (0.02 M Tris HCI, 0.015 M NaCI. 0.05% TWEEN-20), filling and emptying the 
wells completely with each use. The plate was then blocked by dispersing 200 uJ of a blocking/stabilizing solution (4% 
5 sucrose, 1% mannitol, 0.01 M PBS, 1% BSA, 0.02% NaN 3 , pH 7.4) into each well and incubating for 30 minutes to 2 
hrs at room temperature. The wells were then aspirated to dryness, the plate was packaged in an air-tight container 
with a desiccant pouch, and stored at 4°C until needed. The wells were present as eight well strips. 

Preparation of Enzyme Labeled Anti-(fibronectin) Antibody 

10 

[0052] Anti-human plasma fibronectin antibody prepared as described above was conjugated with alkaline phos- 
phatase following the one-step glutaraldehyde procedure ot Avrameas, Immunochem. 6:43 (1969). 

Assay Reagents 

is 

[0053] The assay was performed using the following additional reagents. The stock antibody conjugate was appro- 
priately diluted in conjugate diluent (0.05 M Tris Buffer pH 7.2, 2% D-Sorbitol, 2% BSA, 0.1% Sodium Azide, 0.01% 
Tween-20, 1 mM Magnesium Chloride, and 0.1% Zinc Chloride) and 10 ml placed in a polyethylene dropper bottle 
container. 

20 [0054] The enzyme substrate (1 0 ml in a polyethylene dropper bottle container) was phenolphthatein monophosphate 
(1 mg/ml) dissolved in 0.4 M aminomethylpropanediol buffer, pH 10 with 0.1 mM magnesium chloride and 0.2% sodium 
azide. 

[0055] The fibronectin calibration solutions were plasma fibronectin (fibronectin from human serum purchased from 
Boehringer Mannheim, Indianapolis, IN; Catalogue No. 1050407) diluted to a concentration of 0.0, 0.01 , 0.05 and 0.25 

25 jig/ml in sample diluent solution (0.05 M Tris buffer pH 7.4, 1% bovine serum albumin (BSA), 0.15 M sodium chloride, 
0.02% Sodium Azide, 5 mM ethylenediamine tetraacetic acid (EDTA), 1 mM phenylmethylsulfonyl fluoride (PMSF), 
and 500 Kallikrein Units/ml of Aprotinin). This sample diluent solution is described in U.S. Patent No. 4,919,889 to 
Jones et al, issued April 24, 1990, which patent is incorporated herein by reference in its entirety. The negative control 
was the sample diluent solution used for the positive control without fibronectin. 

30 [0056] The rinse buffer (10 ml in a polyethylene dropper bottle container) was a SOX concentrate containing 1 .0 M 
Tris buffer pH 7.4, 4.0 M sodium chloride, 2.5% Tween-20, and 1% sodium azide. The rinse buffer was diluted with 
water to a final concentration of 0.02 M Tris, 0.08 M sodium chloride, 0.05% Tween-20, and 0.02% sodium azide for 
use in the assay. 

[0057] In addition, 5 u. pore size polyethylene sample filters (Porex Technologies, Fairburn, Georgia) were used to 
35 filter the samples prior to assay. All ol the dropper bottles used to perform the assay were polyethylene bottles designed 
to dispense approximately 50 u.1 drops of the reagent. All of the assay steps performed following sample collection 
utilized the reagents and materials described above. 

Assay Procedure 

40 

[0058] The assay was performed as follows. All samples were collected in the vicinity of the posterior fornix or cervical 
os using dacron swabs. Swab samples were immersed in 1 .0 ml of sample diluent in a collection vial. The swabs were 
removed from the solution leaving as such liquid as possible in the collection tube. The samples were incubated at 
37°C along with the controls for 15 minutes prior to the assay, either before or after filtration. A sample filter was 
45 snapped in place on each sample tube. The 8-well strips were snapped into place in a strip holder. The holder had the 
alphanumeric indications of the 12 columns and eight rows of standard microtiter plates. Duplicate 100 uJ aliquots of 
each sample and the positive and negative controls were placed in separate wells of the microtiter strip and incubated 
for 1 hour at room temperature. 

[0059] Following incubation, samples and controls were aspirated from the wells. Wells were washed three times 
so with diluted wash buffer (IX). Following washing, 100 uJ of enzyme-antibody conjugate was added to each well and 
incubated for 30 minutes at room temperature. The wells were aspirated and washed as described above. Following 
washing, 100 u.1 of enzyme substrate was added to each well and incubated for 30 minutes at room temperature. 
[0060] Following the incubation, the plates were gently agitated by hand or with an orbital shaker to mix the well 
contents. The frame of strips was placed in an ELISA plate reader. The absorbance of each well at 550 nm was 
ss determined. The average absorbance of the duplicate wells for each sample and control was calculated. The total 
fibronectin concentration for the samples was calculated by preparing a standard curve and estimating that the samples 
were diluted to about one-tenth of their original concentration (collection of about 0.1 ml of sample combined with 1.0 
ml of diluent). 
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EXAMPLE 2 

Detection of a Threshold Amount of Total Fibronectin in a Vaginal Swab Sample 

s [0061] In another preferred embodiment, an assay kit to detect a threshold amount of fibronectin includes the fol- 
lowing components. This kit is designed to be used to perform a rapid, bedside or doctor's office assay. 

1 . an assay device comprising a plastic housing and containing: 

io (a) a porous nylon membrane to which is bound an anti-fibronectin antibody; 

(b) a flow control membrane system; and 

(c) an absorbent layer 

2. a colloidal gold-labeled goat anti-fibronectin antibody conjugate in a protein matrix 
is 3. conjugate reconstitution buffer 

4. a wash solution 

5. a sterile, dacron sample collection swab 

[0062] The membrane device is prepared by the following procedure. Approximately 2 p.1 of the polyclonal anti- 
20 fibronectin antibody prepared as described in Example 1 is applied to a membrane surface (1.2 p. nylon, Biodyne-A, 
Pall) in a pH 6, 0.01 M phosphate buffered saline (PBS), 0.1 M citrate buffer containing 0.5 mg/ml BSA. A procedural 
control consisting of human plasma fibronectin purified as described in Example 1 in the same buffer is also applied 
to a discrete region of the membrane. After the membrane has air dried, a blocking reagent of PBS-buffered, 0.5% 
nonfat dry milk is added to the membrane. The excess blocking reagent is removed after at least about 20 minutes. 
2S [0063] The membrane-holding device (Target Device, V-Tech, Pomona, CA) is assembled with a second porous 
layer (0.45 u. low protein -binding nylon, LoProdyne, Pall) beneath the antibody-bearing membrane (in the direction of 
sample application) for controlling the flow of sample solution from the assay membrane to the absorbent layer. The 
two porous membranes are then placed over an absorbent porous polyethylene layer having a capacity of greater than 
1 .5 ml (Chromex, Brooklyn, NY) and enclosed in the device. The device is packaged individually in a sealed plastic 
30 bag containing desiccant. 

[0064] The colloidal gold was prepared by the reduction of 0.01% tetrachloroauric acid with 0.16% sodium citrate in 
a manner which produces approximately 30 nm particles. Briefly, the two solutions are heated separately to 90°C. The 
reducing solution is added to the gold solution while vigorously stirring. The combined solution is boiled (100°C) for at 
least 10 minutes. 

3S [0065] Affinity purified goat anti-fibronectin antibody (prepared as described in Example 1 ) was bound to the colloidal 
gold by adsorption. Briefly, the colloidal gold solution prepared above was combined with the antibody (5-10 u.g/ml) in 
water. Following conjugation, the conjugate solution is stabilized by the addition of 5% BSA and 5% polyvinylpyrrolidone 
(final concentration). 

[0066] The stock conjugate was concentrated approximately 1 0-to 1 2-fold by ultrafiltration using a hollow fiber filter. 

40 The concentrated conjugate was diluted to an appropriate level in 15 mM Tris, 2% BSA : 0.1% Tween 20, 0.2% poly- 
ethylene glycol, 8% polyvinylpyrrolidone and 0.04% thimerosal. An appropriate concentration is determined by using 
a range of dilutions in a sample assay procedure as described below and determining the dilution which produces the 
best result. This titration procedure is used to set the threshold detection level for total fibronectin at 750 ng/ml. 
[0067] The selected conjugate dilution is placed in polyethylene sample collection tubes and lyophilized. The tubes 

*s are fitted with 2 p. pore size polyethylene-sample filters (Porex Technologies, Fairburn, Georgia) during the lyophilization 
process. The lyophilized conjugate is individually packaged in a foil pouch with desiccant. 

[0068] The conjugate reconstitution buffer is 100 mM sodium acetate. This buffer is packaged as a unit dose in a 1 
ml disposable tube. The wash solution is water packaged as a unit dose in a disposable tube. The kit additionally 
contains an individually packaged sterile dacron swab and a procedural summary card. 
so [0069] The assay was performed as follows. 

1 . Before collecting the sample, remove the plastic tube containing gold conjugate from the foil pouch, remove the 
dropper tip and add the entire contents of the tube containing the conjugate reconstitution buffer. 

2. Collect the sample with the swab provided. During a sterile speculum examination, insert the swab into the 
ss posterior fornix of the vagina, twirl for approximately 10 seconds to absorb fluid. 

Immediately proceed to perform the test. Samples may not be stored for later testing. Place the swab in the gold 
conjugate solution and mix rapidly with an up and down motion for 10 to 15 seconds. 

3. Remove as much liquid as possible from the swab by rolling the tip on the inside of the tube. Dispose of the 
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swab in a manner consistent with handling potentially inlectious materials. 

4. Replace the dropper tip on the plastic tube and immediately dispense the entire volume of diluted filtered sample 
onto the surface of the membrane device. 

5. After the sample liquid has been absorbed into the membrane surface, add a few drops of wash solution and 
5 observe the results. 

6. A negative result is indicated by a red color in the procedural control area of the membrane only. A positive 
result is indicated by a pink or red spot in the test zone of the membrane as well as in the control zone. 



EXAMPLE 3 

10 

Total Fibronectin Levels In Preterm Patients 



[0070] In an effort to evaluate cervicovaginal expression of total fibronectin as a screen for preterm delivery (preterm 
delivery), 73 asymptomatic women with elevated risk for preterm delivery were identified and followed longitudinally. 
is Factors which defined these women as having higher risk included pregnancy with twins, uterine anomalies, previous 
preterm labor and previous preterm delivery. Vaginal specimens were obtained from these women at 1 to 2 week 
intervals between 24 and 34 weeks gestation, vaginal secretions were collected from the ectocervical region of the 
external cervical os and the posterior fornix of the vagina using separate dacron swabs. 

[0071] The total fibronectin concentration of vaginal secretion samples in this study was determined as described in 
20 Example 1. The average concentration of total fibronectin in cervicovaginal secretions was 4.49±0.50 |xg/ml 
(mean±SEM) for women with uncomplicated pregnancies prior to 22 weeks gestation. The concentration of total fi- 
bronectin exceeded 750 ng/ml in 64.8% (250/386) of these women. After 22 weeks gestation the average concentration 
of total fibronectin was 0.99±0.50 and 22.2% (4/18) had values greater than 750 ng/Ynl. 

[0072] From those values, a sample was determined to be positive if its total fibronectin concentration exceeded 750 
2S ng/ml. A single positive sample was the minimal requirement for definition of a positive patient. The sample results for 
all women were accumulated and compared to gestational age at the time of delivery. Delivery prior to 37 weeks and 
0 days was defined as preterm while a pregnancy exceeding 37 days and 0 days was defined as term. 
[0073] Of the 73 patients enrolled in this evaluation, 24 delivered prematurely and 49 delivered at term. The rela- 
tionship of total fibronectin results and clinical outcome is shown in Table 1. In the analyses, sensitivity means the 
30 number of true positive test results divided by the total number of women with the condition; i.e., the number of true 
positive test results divided by the sum of the number of true positive and false negative test results). Specificity means 
the number of true negative test results divided by the total number of women without the condition; i.e., the number 
of true negative test results divided by the sum of the number of true negative and false positive test results. Positive 
predictive value (PV +) means the number of true positive test results divided by the total number of samples which 
3S tested positive. Negative predictive value (PV -) means the number of true negative test results divided by the total 
number of samples which tested negative. 

Sensitivity, specificity, positive predictive value and negative predictive value are based on detection of preterm delivery 
(PTD), rather than term delivery (TD) in this analysis. 

40 



45 



so 





FN + 


FN - 




PTD 


19 


5 


24 


TD 


24 


25 


49 




43 


30 


73 



Sensitivity 
Specificity 
PV + 
PV - 

Relative Risk 
Mantel -Haenszel X 2 



82.8% 
51 . 0% 
44 ,2% 
83 .3% 

2.65, p<0.007 
5.98, p<0.014 



[0074] At least one total fibronectin sample exceeded 750 ng/ml in 1 9 of 24 patients (sensitivity=82.8%) delivering 
prematurely and 24 of 49 patients delivering at term (specificity=51 .0%). Alternatively, the predictive value of a positive 
test was 44.2% while the predictive value of a negative test was 83.3%. The relative risk associated with a positive 
ss test (relative to a negative test) was 2.65 which is significantly different from 1.00 (Null Hypothesis (H 0) : Relative 
Risk=1 .00) with a p value of less than 0.007. Moreover, the distribution of positive results was associated with preterm, 
delivery as shown by the Mantel-Haenszel X 2 test statistic of 5.98 (p<0.014). 

[0075] The results of the study demonstrate that the test was both a sensitive and specific screening assay in that 
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most women who deliver early are detected by the test. 

EXAMPLE 4 

s Total Fibronectin Levels in Weeks 12 to 22 

[0076] Total fibronectin concentrations were determined in specimens of cervicovaginal secretions obtained from 
women with apparently uncomplicated pregnancies between 12 weeks gestation and term as described in Example 
1 . Average concentrations of total fibronectin were determined at each gestational age. 

10 [0077] Total fibronectin concentration was highest at 12 weeks gestation and gradually decreased until week 22. 
From week 22 of gestation until near term, total fibronectin concentration rarely exceeded 500 ng/ml. As gestational 
age advanced beyond 34 weeks, total fibronectin concentrations gradually increased presaging delivery. The gesta- 
tional age dependency of total fibronectin concentration was accurately predicted by a series of second order polyno- 
mial regression equations calculated using estimated gestational age at sampling and total fibronectin concentration 

is as the independent and dependent variables, respectively. 

[0078] The predicted concentrations of total fibronectin (u,g/ml) at each week of gestation are shown in the following 
table. 



30 



Gestational Age 


Pred [Total FN] 


Gestational Age 


Pred [Total FN] 


12 


6.30 


25 


0.10 


13 


6.20 


26 


0.06 


14 


5.94 


27 


0.03 


15 


5.51 


28 


0.04 


16 


4,92 


29 


0.07 


17 


4.16 


30 


0.13 


18 


3.24 


31 


0.22 


19 


2.16 


32 


0.33 


20 


0.91 


33 


0.47 


21 


0.57 


34 


0.64 


22 


0.42 


35 


0.83 


23 


0.29 


36 


1.06 


24 


0.18 


37 


1.31 






38 


1.58 



Claims 

40 1 . A method for determining impending delivery comprising determining the level of a protein selected from interleukin 
six (IL-6) or total fibronectin in a secretion sample obtained from the vaginal cavity or the cervical canal of a pregnant 
patient after week 12 of pregnancy, the presence of an elevated level of said protein in the sample indicating an 
increased risk of impending delivery. 

45 2. The method of claim 1 wherein the sample is obtained from the posterior fornix. 

3. The method of claim 1 wherein the sample is obtained from the cervical os. 1 

4. The method of claim 1 wherein the sample obtained from the patient does not have an elevated level of the protein 
so and another sample from the patient is assayed for the protein at least two weeks later. 

6. The method of claim 4 wherein a sample from the patient is obtained and assayed for the presence of the protein 
at intervals of about 2 to about 4 weeks until the patient delivers or a positive sample is obtained. 

55 6. The method of claim 1 wherein if the sample has an elevated level of IL-6 or total fibronectin, cervical or vaginal 
secretions of said patient are tested for the presence of fetal fibronectin. 

7. The method of claim 6 wherein if the test for fetal fibronectin is negative another test for the presence of fetal 
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fibronectin in the cervical or vaginal secretions of said patient is carried out at least one week later. 

8. The method of claim 6 wherein if the test for fetal fibronectin is negative further tests for the presence of fetal 
fibronectin in the cervical or vaginal secretions of said patient are carried out at two week intervals until the patient 

5 delivers or a positive fetal fibronectin sample is obtained. 

9. The method of claim 1 comprising the steps of 

(a) contacting the sample with an antibody specific for the protein for a time sufficient for antigen-antibody 
io binding; and 

(b) determining the amount of binding. 



is Patentanspruche 

1. Verfahren zur Bestimmung bevorstehender Geburt, umfassend das Bestimmen des Gehafts eines Proteins, aus- 
gewahlt aus Interleukin 6 (IL-6) Oder Gesamtfibronectin, in einer aus der vaginalhohle oder dem Gebarmutterhais- 
kanal einer schwangeren Patient in nach der zwolften Schwangerschaftswoche erhaltenen Sekretprobe, wobei ein 

20 erhohter Gehalt des Proteins in der Probe ein erhohtes Risiko einer bevorstehenden Geburt anzeigt. 

2. Verfahren nach Anspruch 1 , wobei die Probe aus dem hinteren Scheidengewolbe erhalten wird. 

3. Verfahren nach Anspruch 1 , wobei die Probe aus dem Muttermund erhalten wird. 

25 

4. Verfahren nach Anspruch 1, wobei die aus der Patientin erhaltene Probe keinen erhohten Gehalt des Proteins 
aufweist und eine weitere Probe der Patientin mindestens zwei Wochen spater auf das Protein getestet wird. 

5. Verfahren nach Anspruch 4, wobei eine Probe in Zeitabstanden von etwa 2 bis etwa 4 Wochen aus der Patientin 
30 erhalten und auf die Gegenwart des Proteins getestet wird, bis die Patientin gebart oder eine positive Probe er- 
halten wird. 

6. Verfahren nach Anspruch 1, wobei, wenn die Probe einen erhohten Gehalt an IL-6 oder Gesamtfibronectin auf- 
weist, zervikale oder vaginale Sekrete der Patientin auf die Gegenwart von fotalem Fibronectin getestet werden. 

35 

7. Verfahren nach Anspruch 6, wobei, wenn der Test auf fotales Fibronectin negativ ist, mindestens eine Woche 
spater ein weiterer Test auf die Gegenwart von fotalem Fibronectin in den zervikalen oder vaginalen Sekreten der 
Patientin durchgefuhrt wird. 

40 8. Veriahren nach Anspruch 6, wobei, wenn der Test auf fotales Fibronectin negativ ist, in Zeitabstanden von zwei 
Wochen weitere Tests auf die Gegenwart von fotalem Fibronectin in den zervikalen oder vaginalen Sekreten der 
Patientin durchgefuhrt werden, bis die Patientin gebart oder eine positive fotale Fibronectin-Probe erhalten wird. 

9. Verfahren nach Anspruch 1 , umfassend die Schritte 

45 

(a) In Kontakt Bringen der Probe mit einem fur das Protein spezitischen Antikorper wahrend einer Zeit, die fur 
Antigen-Antikorper-Bindung ausreichend ist, und 

(b) Bestimmen der Menge der Bindung. 

so 

Revindications 

1. Methode pour determiner un accouchement imminent, comprenant la determination de la quantite d'une proteine 
ss choisie entre I'interleukine six (IL-6) et la fibronectine totale dans un echantillon de secretion obtenu dans la cavite 

vaginale ou le canal du col d'une patiente enceinte apres douze semaines de grossesse, la presence d'un taux 
eleve de ladite proteine dans I'echantillon indiquant un risque accru d'accouchement imminent. 
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Methode suivant la revendication 1 , dans laquelle I'echantillon est obtenu a partir du cul-de-sac posterieur du vagin. 

Methode suivant la revendication 1, dans laquelle I'echantillon est obtenu a partir de I'orifice du col de I'uterus. 

Methods suivant la revendication 1, dans laquelle I'echantillon obtenu chez la patiente ne prdsente pas un taux 
elev6 de la proteine et un autre echantillon preleve chez la patiente est analyse pour determiner la teneur en 
proteine au moins deux semaines plus tard. 

M6thode suivant la revendication 4, dans laquelle un echantillon preleve" chez la patiente est obtenu et analyse 
pour determiner la presence de la proteine a des intervalles d'environ deux a quatre semaines jusqu'a ce que la 
patiente accouche ou qu'un echantillon positil soit obtenu. 

Methode suivant la revendication 1 , dans laquelle, si I'echantillon a un taux eleve de IL-6 ou de fibronectine totale, 
les secretions du col ou du vagin de ladite patiente sont testees pour determiner la presence de fibronectine foetale. 

Methode suivant la revendication 6, dans laquelle, si le test de determination de fibronectine foetale est negatif, 
un autre test pour determiner la presence de fibronectine foetale dans les secretions du col ou du vagin de ladite 
patiente est effectue au moins une semaine plus tard. 

Methode suivant la revendication 6, dans laquelle, si le test de determination de fibronectine foetale est n6gatif, 
d'autres tests pour determiner la presence de fibronectine foetale dans les secretions du col ou du vagin de ladite 
patiente sont effectues a des intervalles de deux semaines jusqu'a ce que la patiente accouche ou qu'un echantillon 
donnant une determination positive de fibronectine foetale soit obtenu. 

Methode suivant la revendication 1 , comprenant les etapes consistant 

(a) a metlre en contact I'echantillon avec un anticorps specifique de la proteine pendant un temps suffisant 
pour la liaison antigene-anticorps ; et 

(b) a determiner le degr6 de liaison. 
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